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$p$ $f$ $q:=p^{f},$ $k$ $q-1$ $\gamma$ $\mathbb{F}_{q}$
$C_{i}^{(k,q)}=\gamma^{i}\langle\gamma^{k}\rangle(0\leq i\leq k-1)$
Momihara-Xiang [8]
1.1. $([8J)n$ $Q:V=\mathbb{F}_{q}^{n}arrow \mathbb{F}_{q}$ $q-1$
$k$ $A_{i},$ $1\leq i\leq d$ $\{0,1, \ldots, k-1\}$ $\mathbb{F}_{q^{2}}$
$Cay( \mathbb{F}_{q}, \bigcup_{\ell\in A_{i}}C_{\ell}^{(k,q^{2})}),$ $1\leq i\leq d$ d-
$Cay(V, D_{0}\backslash \{O\})$
$Cay(V, D_{\bigcup_{\ell\in A_{i}}C_{\ell}^{(e,q)}}),$
$1\leq i\leq d$ $(d+1)-$
$D_{u}=\{x\in V|Q(x)=u\}$ $X\subseteq \mathbb{F}_{q}$ $D_{X}= \sum_{x\in X}D_{x}$






$\mathbb{F}_{q}$ $\psi$ $\mathbb{F}_{q}$ $\chi$
$G_{f}( \chi)=\sum_{x\in F_{\dot{q}}}\chi(x)\psi(x)$
(i) $\chi$ $G_{f}(\chi)\overline{G_{f}(\chi)}=q.$
(ii) $p$ $\mathbb{F}_{q}$ $G_{f}(\chi^{p})=G_{f}(\chi)$ .
(iii) $G_{f}(\chi^{-1})=\chi(-1)\overline{G_{f}(\chi)}.$
(iv) $\chi$ $G_{f}(\chi)=-1.$
(v) $\sigma_{a,b}(G_{f}(\chi))=\chi^{-a}(b)G_{f}(\chi^{a})$ . $k$ $\chi$ $\sigma_{a,b}$ $gcd(a, k)=gcd(b,p)=$






: $e=[(\mathbb{Z}/k\mathbb{Z})^{*}:\omega\rangle]$ $p$ $\mathbb{Z}/k\mathbb{Z}$ $\phi(k)/e$ $f$
$f$ $\mathbb{F}_{p^{f}}$ $G_{f}(\chi_{k})$ $e$ $\chi_{k}$ $\mathbb{F}_{p^{f}}$ $k$
$e=2$ ([11]).
[3].
2.1. $(G, +)$ $D$ $0\not\in D$ $D=-D$ $G$
$\{\psi(D)|\psi\in\hat{G}\}$
$Cay(G, D)$ $\hat{G}$ $G$
3 [3]. ( 1 ) $D=$
$\bigcup_{i\in I}C_{i}^{(k,q)}\subseteq \mathbb{F}_{q}$
$Cay(\mathbb{F}_{q}, D)$ $\psi(aD)=\sum_{x\in D}\psi(ax)$ ,
$a\in \mathbb{F}_{q}^{*}$ 2 $\psi$ $\mathbb{F}_{q}$
$R_{1},$ $R_{2},$ $R_{3}\subseteq \mathbb{F}_{q}^{*}$ $R_{i}=$ $\mathbb{F}_{q}^{*}$ $Cay(\mathbb{F}_{q}, R_{\dot{\eta}}),$ $1\leq$
$i\leq 3$ 3- $D_{1},$ $D_{2},$ $D_{3}\subseteq$
$\mathbb{F}_{q}^{*}$ $\mathbb{F}_{q}^{*}$ $\psi(aR_{i})$ $a\in D_{j}$ $j$
$\psi(aD)$ (cf. [6]):










$\mathbb{F}_{q}$ $D$ $Cay(\mathbb{F}_{q}, D)$
3.1. ([9]) $k$ $k| \frac{p^{f}-1}{p-1}$ $C_{0}^{(k,p^{f})}=-C_{0}^{(k,p^{f})}$
$Cay(\mathbb{F}_{p}{}_{f}C_{0}^{(k,p^{f})})$
(1) ) $d|f$ $d$ $C_{0}^{(k,p^{f})}=\mathbb{F}_{p^{d}}^{*},$
(2) ( )-1 $\in$ $p\rangle\leq(\mathbb{Z}/k\mathbb{Z})^{*},$
(3) ) $Cay(\mathbb{F}_{p}{}_{f}C_{0}^{(k,p^{f})})$ 1 11
1:11
$\mathbb{F}_{q}$ $m$ $\mathbb{F}_{q^{m}}$ $L$ $\mathbb{F}_{q^{m}}^{*}/\mathbb{F}_{q}^{*}$ $L$ $b_{F_{q^{m}}/F_{q}}(x)=$
0 1
$L_{0}=\{x\in L|Tr_{F_{q^{m}}/F_{q}}(x)=0\}, L_{1}=\{x\in L|R_{\mathbb{F}_{q^{m}}/F_{q}}(x)=1\}.$
$H_{0}=\{\overline{x}\in \mathbb{F}_{q^{m}}^{*}/\mathbb{F}_{q}^{*}|x\in L_{0}\}$ (3.1)
$\mathbb{F}_{q^{m}}^{*}/\mathbb{F}_{q}^{*}$ (Singer ) $\mathbb{F}_{q^{m}}^{*}$ $(q^{m}-1)/(q-1)$
$\chi$ $\mathbb{F}_{q^{m}}^{*}/\mathbb{F}_{q}^{*}$ [10] $\chi(H_{0})=G_{fm}(\chi)/q$
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$\mathbb{F}_{q}^{*}\leq C_{0}(:=C_{0}^{(k,q^{m})})\leq \mathbb{F}_{q^{m}}^{*}$




$Cay(\mathbb{F}_{q^{m}}, C_{0})$ $|H_{0}\cap s\overline{C_{0}}|,$ $s\in S$ 2




$\chi(H_{0}) = \sum_{s\in }|H_{0}\cap s\overline{C_{0}}|\chi(\overline{s})$
$= \sum_{s\in S}(|H_{0}\cap s\overline{C_{0}}|-|H_{0}\cap\overline{C_{0}}|)\chi(\overline{s})$
$= \delta\sum_{s\in S’}\chi(\overline{s})$
$S’=\{s\in S:|H_{0}\cap s\overline{C_{0}}|-|H_{0}\cap\overline{C_{0}}|=\delta\}$ (3.2)
$\sum_{s\in S}\chi(\overline{s})=\frac{\chi(H_{0})}{\delta}=\frac{G_{fm}(\chi)}{\delta q}$ . (3.3)
3.2. $\delta$ $p$ $\overline{S’}:=\{\overline{s}|s\in S’\}\subset G$ $G$ $(k, |S’|, \lambda’)$
$H_{0}$
$\gamma$ $\mathbb{F}_{q^{2m}}$ $\omega=Norm_{q^{2m}/q^{m}}(\gamma)=\gamma^{q^{m}+1}$ $\omega$ $\mathbb{F}_{q^{2m}}$ $\mathbb{F}_{q^{m}}$
$C_{j}^{(k,q^{2m})}=\gamma^{j}\langle\gamma^{k}\rangle,$ $C_{j}^{(k,q^{m})}=\omega^{j}\langle\omega^{k}\rangle=\omega^{j}C_{0}$
3.3. $\mathbb{F}_{q}^{*}\leq c_{0}\leq \mathbb{F}_{q^{m}}^{*}$ $[\mathbb{F}_{q^{m}}^{*}:c_{0}]=k$ $-C0=C0$ $Cay(\mathbb{F}_{q^{m}}, C_{0})$
$I=\{0\leq i\leq k-1|\omega^{\neg}\in S’\}$
$S’$ 2$)$ $S$ $\overline{\omega}$ $\omega \mathbb{F}_{q}^{*}$
$D= \bigcup_{i\in I}C_{i}^{(k,q^{2m})}$
$Cay(\mathbb{F}_{q^{2m}}, D)$
: $\psi_{1}$ $\mathbb{F}_{q^{2m}}$ $\chi_{k}’$ $\mathbb{F}_{q^{2m}}$ $k$ $Cay(\mathbb{F}_{q^{2m}}, D)$
$\psi_{1}(\gamma^{a}D),$ $0\leq a\leq k-1$ $Cay(\mathbb{F}_{q^{2m}}, D)$
$T_{a}=k \cdot\psi_{1}(\gamma^{a}D)+|I|=\sum_{x=1}^{k-1}G_{2fm}(\chi_{k}^{\prime-x})\sum_{i\in I}\chi_{k}^{;x}(\gamma^{a+i})$





$\sum_{i\in I}\chi_{k}^{x}(\omega^{i})=\sum_{s\in S’}\chi_{k}^{x}(s)=\frac{G_{fm}(\chi_{k}^{x})}{\delta q}$
$T_{a} = - \frac{1}{\delta q}\sum_{x=1}^{k-1}\chi_{k}^{x}(\omega^{a})G_{fm}(\chi_{k}^{-x})G_{fm}(\chi_{k}^{-x})G_{fm}(\chi_{k}^{x})$
$= - \frac{q^{m-1}}{\delta}\sum_{x=1}^{k-1}\chi_{k}^{x}(\omega^{a})G_{fm}(\chi_{k}^{-x})$, (3.4)
$Cay(\mathbb{F}_{q^{m}}, C_{0}^{(k,q^{m})})$ $\sum_{x=1}^{k-1}\chi_{k}^{x}(\omega^{a})G_{fm}(\chi_{e}^{-k}),$ $a=$
$0,1,$




3.4. $p$ $q^{m}=p^{2jr},$ $k|(p^{;}+1)$ $j$
$n=q^{m}$ $r=(q^{m}-1)/k$ $(n^{2}, r(n+1), -n+r^{2}+3r, r2+r)$ -
3.5. $q$ $m\geq 3,$ $a$ $m$ $n=q^{m}$ $r=q^{m-a}-1$
$(n^{2}, r(n+1), -n+r^{2}+3r, r^{2}+r)$-
3.6. $(q, k, e)$ 11
$(q, k, e)$ $=$ $(3^{5},11,5),$ $(5^{9},19,9),$ $(3^{12},35,17),$ $(7^{9},37,9),$ $(11^{7},43,21),$ $(17^{33},67,33)$
$(3^{53},107,53), (5^{18},133,33), (41^{81},163,81), (3^{144},323,161), (5^{249},499,249)$ .





$s$ $k= \frac{2^{3s}-1}{2^{s}-1}$ $F:=\mathbb{F}_{23\epsilon},$ $E:=\mathbb{F}_{2^{s}}$
$D:=\{u\in F^{*}|Tr_{F/E}(u^{-1})=0\}$ (4.1)
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$D$ $g\in E^{*}$ $Dg=\{dg|d\in D\}=D$ $\psi(\omega^{a}D)$
$a(mod k)$ ( $\omega$ $F$ ) $\psi(\omega^{a}D),$ $0\leq a\leq k-1$ 3
$\psi(\omega^{a}D)=\frac{1}{2^{s}-1}\sum_{u\in D}\sum_{x\in E^{*}}\psi(x\omega^{a}u)$
$=| \{u|u\in D, Tr_{F/E}(\omega^{a}u)=0\}|-\frac{1}{2^{S}-1}|\{u|u\in D, Tr_{F/E}(\omega^{a}u)\neq 0\}|$





$\{\begin{array}{l}2^{s}+1 }1 2^{2s-1}+2^{s-1} }2 2^{2s-1}-2^{s-1} }\end{array}$
$Tr_{F/E}(a)=0$ $a\neq 0$
$L_{a}=\{[x]|x\in F^{*}, Tr_{F/E}(ax)=0\}$





4.1. $\psi(\omega^{a}D),$ $0\leq a\leq k-1$ 3












$T_{1}$ , $G:=\mathbb{F}_{2^{6s}}$ $C_{i}^{(k,2^{6s})},$ $0\leq i\leq k-1$ $G$ $k$




$R_{O}= \{0\}, R_{1}=\bigcup_{i\in T_{1}}C_{i}^{(k,2^{6s})}, R_{2}=\bigcup_{i\inT_{2}}C_{i}^{(k,2^{6s})}, R_{3}=\bigcup_{i\in T_{0}}C_{i}^{(k,2^{6s})}.$
$(G, \{R_{i}\}_{i=0}^{3})$ 3-
: $G$ $k$ $\chi$’ $F$ $\chi$ $\chi$’ $\chi$








3: $\psi’(\gamma^{a}D_{h})$ $((G, \{D_{i}\}_{i.=\cap}^{3})$ )
$D$ (4.1) 4.1
$\eta_{a}’=\{\begin{array}{ll}2^{2s}+2^{s}-1 if a\in T_{0},2^{s}-1 if a\in T_{1},-2^{2s}+2^{s}-1 if a\in T_{2},\end{array}$
$\psi’(\gamma^{a}R_{h})$
$\psi’(\gamma^{a}R_{h})=\sum_{i\in T_{h}}\eta_{a+i}^{/}$
$=(2^{s}-1)|T_{1}\cap a+T_{h}|+(-2^{2s}+2^{s}-1)|T_{2}\cap a+T_{h}|+(2^{2s}+2^{s}-1)|T_{0}\cap a+T_{h}|$
$=(2^{s}-1)|T_{h}|-2^{2s}|T_{2}\cap a+T_{h}|+2^{2s}|T_{0}\cap a+T_{h}|.$
$-2^{2s}|T_{2}\cap a+T_{h}|+2^{2s}|T_{0}\cap a+T_{h}|$ $-2^{2s}(T_{2}-T_{0})T_{h}^{(-1)}$ $a$
4.2 $\psi’(\omega^{a}R_{h})$ 2
$D_{0}= \{0\}, D_{1}=C_{0}^{(k,2^{6s})}, D_{2}=\bigcup_{i\in T_{1}}C_{i}^{(k,2^{6s})}, D_{3}=\bigcup_{i\in(T_{0}\cup T_{2})\backslash \{0\}^{C_{i}^{(k,2^{6s})}}}$ . (4.5)
$\psi’(aR_{i})$ $a\in D_{j}$ $i$ $(G, \{R_{i}\}_{i=0}^{3})$ 3-
$\square$
4.5. $(G, \{D_{i}\}_{i=0}^{3})$
$D_{i}$ $(4\cdot 5)$ $\psi’(\gamma^{a}D_{h})$
3
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